Introduction
The Cancer Stem Cell (CSC) s are potentially tumorigenic cells supporting initiation, survival and spread of the tumor. Several researches have been reported that CSCs are present and active in a variety of tumors including lung, brain, and breast, prostate and ovarian cancers. Inspite of the debate between basal or luminal origin of prostate cancer, the accepted idea is that progenitor cells of both cell types give rise to the disease. The other names given to the prostate cancer originating cells are stromal-like or stem-like, tumor progenitor and tumor initiating cells. The idea of CSCs is generated by their differentiation potential and slow growing and also tumors' clonality and possessing minor amounts of stem cell like cells. CSCs are identified by their tissue specific stem cell-like properties. The most common surface markers for isolation of prostate cancer stem cells are CD44, integrin-alpha(2) beta(1) and CD133. Other methods are Hoechst 33342 dye exclusion, and holoclone formation for showing stemness of CSCs. True identification and characterization of CSCs is promising for development of novel treatment options by targeting specifically CSCs. Classic therapies target the fast-dividing and differentiated cancer cells. However, CSCs grow and divide slowly and are mostly resistant against most cancer therapies. After the therapy, some cells responsible from tumor relapse and metastasis remain intact. MicroRNAs are the most popular small RNAs regulating mRNA expression. MiRNAs are transcribed from the DNA as primary-miRNA form and are cut by special nucleases and obtain hairpin precursor-miRNA structure. The adult single stranded 20-25 nucleotides miRNA in cytoplasm inhibit protein synthesis by targeting semi-complementary sequences on 3'-untranslated regions of mRNA. MiRNAs have specific mRNA targets and approximately 30% of transcripts are controlled by miRNAs. The alterations of miRNA expression in different tumor types and widespread deregulation in Prostate Tumors have been identified in recent years. The miRNAs are determined as potential therapeutic targets and diagnostic tumor markers from both tissue and blood, due to their specifically overexpressed or down-regulated expression in variable tumor types. miRNAs, commonly upregulated in tumor cells and inhibit tumor suppressor genes and promote cell proliferation in tumor cells are termed as oncogenic miRNAs or oncomirs. On the other hand, the miRNAs which are commonly down-regulated in tumor cells and inhibit tumor development are called tumor suppressor miRNAs. Additionally, differential expression of miRNAs in Cancer Stem Cells of prostate tumors has been under investigation in recent years. Those two popular topics are seemed to provide novel information on the way of understanding the prostate cancer molecularly and providing new insights for prostate cancer diagnosis and therapy.
Prostate cancer stem cells (CSCs)
Prostate Cancer is one of the most frequent tumors among men in the developed countries. The locally advanced or metastatic types of prostate tumors mostly do not respond to current treatment options. Androgen independent prostate tumors are mostly lethal after androgen-ablation therapy and so the chemotherapy and radiotherapy resistant tumors are (Collins & Maitland, 2006) . The epithelial cell layer of prostate tissue is divided into two layers of basal and luminal that contain three subpopulation of cells; Basal cells, neuroendocrine cells and luminal cells. These cells are distinguished by their localization, morphology and phenotypes. The basal and neuroendocrine cells are along the basement membrane of prostate and the latter secretes neuroendocrine peptides to promote epithelial viability and growth of the gland. The luminal cells stay above basal cell layer and function to secrete prostate specific molecules through luminal space. The prostatic stem cells are commonly present in these epithelial cell populations, especially in basal cell subpopulation (Lawson & Witte, 2007; Miki & Rhim, 2008) . The molecular markers of prostatic epithelial cells are characterized to identify the origin of normal and CSCs (Lawson & Witte, 2007) . The androgen dependent luminal secretory cells express AR, prostate specific antigen, prostatic acid phosphatase, CD57, and low molecular weight cytokeratin (Miki & Rhim, 2008) . The androgen independent non-secretory basal cells do not express androgen receptor (or low levels of AR), prostate specific antigen or prostatic acid phosphatase but present CD44, p63, and high molecular weight cytokeratin. The normal stem cells among basal cells amplify to differentiate into androgen independent transit amplifying cells (TACs) and these cells further differentiate to form androgen dependent luminal cells (Miki & Rhim, 2008; Wang & Shen, 2011) .
The cancer stem cell theory
The cancer stem cell theory proposed more than a century ago. However, its molecular details have been understood in recent years. In 1950s, the first reliable studies about CSCs were conducted by Ernest McCulloch and James Till in Toronto. In recent years by the development of flow cytometry and xenotransplantation techniques, researchers know more about their molecular roles and pathogenic properties. The CSCs are also called cancer progenitor cells or tumor initiating cells, meaning that they have intrinsic and/or acquired capacity to initiate tumor and these cells are resistant against current clinical treatment strategies (Masters et al., 2008) . There are epithelial somatic stem cells and progenitor cells in basal and neuroendocrine cell layers of prostate tissue. When investigators retrieve androgen from the tissue, the epithelial cells die. Arise of epithelial layer after providing the androgen back, supports the idea of www.intechopen.com presence of stem-like cells in prostate tissue. Additionally, prostate stem cells should be androgen-independent cells surviving without of it (Lawson & Witte, 2007) . Early evidences about cancer provided the idea that prostate cancer is formed by a one mutated cell that the entire tumor is homogenous clone of that originating cell. Cancer stem cell theory fits the clonality part today. It is well-known that tumor consists of heterogeneous cells with different tumorigenic capacity and possibly more than one initiator cells. There are two important ideas about CSCs and prostate cancer connection: CSCs can potentially contribute to tumor development and they cause initiation and advancement of prostate tumors themselves (Collins & Maitland, 2006) . Both somatic stem cells and CSCs are capable of organogenesis. Somatic adult stem cells have potential to form multilineage of cells in a tissue. The CSCs are also able to repopulate tumor cells in distinct locations (Miki & Rhim, 2008) . The cancer stem cell model suggests that tumor arises from tumor-initiating, self-renewing and differentiating stem-like cell. The differentiated cancer cells lack tumorigenesis capacity (Wang & Shen, 2011) . Prostate cancer as well as other solid tumor types comprise of heterogeneous cell types. The current cancer stem cell theory suggest that the prostate tumor contain minor amount of self-renewing cells possessing stem cell phenotypes and they are possibly responsible from proliferation, recurrence, and resistance to apoptosis of tumors (Lam & Reiter, 2006) . According to recent experimental evidences, tumors also arise from stem-cell derived progenitor cells or differentiated cells (Lam and Reiter, 2006; Miki and Rhim, 2008; Wang and Shen, 2011) . Thus the tumor-initiating cells might not always mean that they have CSC properties but by the oncogenic transformations differentiated cells or progenitor cells may have in vivo tumorigenic capacity and this is compatible with clonal evolution model. Table 1 . Important features of cancer stem cells. Derived from the article of (Lobo et al., 2007) The stem cell specific pathways, Wnt/ -catenin, Notch, and Hedgehog signaling pathways are frequently activated and implicated in self-renewal and cell fate of CSCs. The TGF signaling aims to keep the stem cells in quiescent state. The Epithelial growth factor receptor, EGFR, Platelet derived growth factor receptor, PDGFR, Stem cell factor, SCF, PTEN, and TP53 genes are also functioning in regulation of CSCs (Kelly & Yin, 2008; Korkaya & Wicha, 2007; Mimeault et al., 2007) .
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Another cancer organization model is the clonal evolution of tumor. According to this model of carcinogenesis, the tumors have a distinct type of and several tumor-initiating cells; thus the tumor may consist of more than one clone of cells. The cancer stem cell and clonal evolution theories support each other when the tumor may contain different clones originated from different stem or progenitor cells as schematized in Figure 1 . Thus the cancer therapy should target all these clones specifically or commonly (Wang & Shen, 2011) .
Fig. 1. Cancer stem cell formation
Identification of prostate cancer stem cell (PCSC) s
The cells being potentially prostate CSCs are identified generally by three experimental methods: clonal assay, separation by cell surface markers, and side population analysis. The studies show the existence of prostate CSCs using the primary prostate tumor samples, prostate cancer cell lines and animal models (Miki & Rhim, 2008) . We can separate the CSCs in prostate tumors by specific molecular markers. The surface markers for stem cells of one tissue or tumor do not always match to another tissue or tumor. AR expression is the most common phenotype. The CSCs possess high in vitro proliferation potential. The cells of primary prostate cancer that show higher proliferation capacity do not express AR (Lawson & Witte, 2007) . The normal prostate stem cells are also lack AR expression, thus both prostate CSCs and normal SCs do not need androgen for growth (Miki & Rhim, 2008) . Commonly accepted antigen profile for prostate specific CSCs is CD44+ 2 1hiCD133+. This profile is in accordance with the normal prostate SCs (Lawson & Witte, 2007) . The cells separated only by CD44 presence have enhanced proliferative activity in vitro. The CD44+ prostate cancer cells also lack of AR and they have tumor initiating and metastasis functions. The CSCs are known with their similar stemness genes' expression. Other than CD44 and CD133, prostate cancer cells also express higher levels of OCT3, OCT4, Nanog, Sox2, CD117, -catenin, and BMI1 (Lawson & Witte, 2007) .
The prostate cancer cells that express high levels of 2 1integrin have high colony-forming efficiency in vitro. The cells with CD133+/ 2 1hi AND CD44+/CD133+ phenotype possess increased colony forming efficiency and tumor initiation after in vivo injection (Wang & Shen, 2011) . (Lawson & Witte, 2007; Wang & Shen, 2011) . The transplantation is performed on immune-deficient mice and every time at least 100 separated CSCs are required to produce tumors. The aim in CSCs theory is to find right cell, which is able to produce tumor itself in vivo. In other words, today our knowledge about the CSC characteristics is limited (Masters et al., 2008) . Side population analysis is the third method in order to identify and separate CSCs. During flow cytometer analysis, some cells are defined by pumping out the DNA-binding dye Hoechst 33342 and form a minor side population. For prostate cancer cells, these side population cells show stem cell like properties (Miki & Rhim, 2008) . Prostate cancer research uses mainly three types of samples as primary tumor cells, prostate cancer cell lines and animal models that present prostate tumor. The primary prostate cancer cells display the original characteristics of the tumor but we have limited access to biopsy samples and they possess limited lifespan even with specific culture techniques. Additionally, the cancer stem or progenitor cell amount is minor than other tumor or possibly contaminated normal epithelial cells (Miki & Rhim, 2008) . The permanent prostate cancer cell lines have unlimited proliferation ability, and have more cells with cancer stem cell profile, but they reflect the tumor characteristics more generally. The mouse models are also useful tools in order to understand the tumorigenic capacity of CSCs with different surface markers. In mouse the prostate CSCs express the Sca-1 (stem cell antigen-1) and the cells possessing that marker can regenerate tumors in vivo. The most important issue about mouse models is that they have unknown phenotypes different from human tumors which are not fully characterized (Miki & Rhim, 2008) .
Stem Cell Surface Markers Human Mice
CD34 + + CD133 + + CD117 + + SCA1 + + CD44 + - CD24 + - CD20 + - CD105 + - CD326 (EpCAM) + -
PCSCs in prostate cancer diagnosis and development
The revealing of the signaling pathways and functional genes in cancer stem cells' selfrenewal and survival is important for the identification of novel therapeutic targets.
Androgen-independent prostate cancers arise after androgen-ablation therapy for some patients. The initial idea is that minor amount of androgen-independent prostate cancer stem cells with basal cell characteristics is responsible for this transition (Kelly & Yin, 2008) . Although there are cases consisting of AR mutations or alterations in AR-signaling pathways causing the androgen-refractory prostate cancer. AR mutations may also exist in metastatic and tumorigenic cells. The selection of cells with AR mutation must include selfrenewing cells, which are metastatic cell of origin and androgen-independent but AR expressing cells. The metastatic prostate cancer should contain self-renewing cells in order to colonize in target tissue. Another alternative is that an AR expressing prostate cancer cell of origin acquires mutations causing the cell to have stem-cell properties. The progenitor cells are most likely candidates. Translocations are also common in prostate cancer originating cells and PIN (prostatic intraepithelial neoplasia). The TMPRSS2-ETS fusion gene formation after translocation cause over expression of ETS family transcription factors which are regulated by androgens (Kelly & Yin, 2008) .
Impact of PCSCs in the treatment of prostate cancer and potential applications
Throughout the years, the only experience obtained about prostate cancer therapy is that the prostate cancer recurs. Androgen-ablation therapy, chemotherapy, radiotherapy and even radical prostatectomy may not help to eliminate the tumor-initiating or metastatic cells. The cancer stem cell theory is a promising finding to overcome the therapy resistant tumors. The CSCs are androgen independent, replication quiescent, and therapy resistant cells and novel therapies targeting specifically to these cells is logical than targeting differentiated prostate cancer cells. Initially the cancer was thought as a homogeneous mass of aggressively proliferative tumor cells that were targeted by cancer therapy. The cancer stem cell theory provided a novel approach to therapy since the CSCs subpopulation are distinct from other tumor cells. Drug testing clinical trials should quantify the cancer stem cell eradication rather than total tumor decay. However, it is hard for those studies to target specifically CSCs from normal tissue specific stem cells, since both have similar expressional and antigenic profiles (Lawson & Witte, 2007) . Therefore, new markers needed to differentiate CSCs from tissue specific stem cells. MicroRNAs might be considered as novel molecules in this respect.
MicroRNAs and prostate cancer
MicroRNAs ( The microRNAs incompletely hybridize on target mRNAs and attract RNA Induced Silencing Complex (RISC) proteins in order to inhibit the protein synthesis. The miRNAs mostly on 5-Untranslated region of mRNA transcripts but hybridization on coding and 3-UTR sequences were shown. The incomplete hybridization of miRNA occurs by a certain motif as the first 7-8 nts called seed match hybridize totally and a loop with variable hybridization pattern follow. This motif has been analyzed via verified mRNA-miRNA matches and novel target predictions can be performed by computer algorithms (Bartel, 2004) .
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MicroRNA dysregulation has crucial outcomes on cellular mechanisms. Since one type of miRNA can target tens of different mRNA and all the miRNA-mRNA interactions have not been solved yet, the direct effect of miRNA expressional alteration is not clearly known. In tumors, there are enormous data about alteration of miRNA expression. Those alterations are originating from mutations in miRNA genes, mutation in genes of miRNA bioprocessing pathway proteins, and RISC group proteins (Sevli et al., 2010) . The miRNA genes are mostly located on fragile sites of chromosomes and in prostate cancer widespread deregulation of miRNAs was shown (Ozen et al., 2008) . The miRNA profiling studies have been performed initially by microarray technology. The identified miRNAs are verified by RT-PCR analysis. The samples most suitable for profiling studies are primary tumors, prostate cell lines, and tumor xenograft models. Further functional studies in order to identify the target mRNA transcripts of miRNAs and possible therapeutic roles, transfection of miRNA genes or pre-miRNA forms are performed several techniques such as lipofection, viral-transfection, electroporation etc. (Sevli et al., 2010) . Expressional alterations of the miRNA target transcripts can be observed as changes in transcript of protein level since the miRNA mechanism could inhibit the protein translation keeping the mRNA stable or the RISC complex may cut the mRNA causing it to get into degradation. Whichever pathway would take place depends on the RISC components (Kim & Lee, 2009 ).
The miRNA expression profiling in prostate cancer
MicroRNAs are classified as tumor suppressor or oncomiRs depending on their expressional alteration or type of targeted mRNA. Tumor suppressor miRNAs target oncogenes keeping their protein products at normal levels and commonly down-regulated in tumors. OncomiRs target tumor suppressor transcripts and commonly up-regulated in tumors causing dysfunction of tumor-suppressor genes (Sevli et al., 2010) . It is thought that certain miRNAs are specifically deregulated in different cancer types; however, alteration of some miRNAs is observed in most of the tumors. Among them miR-21, miR291, and miR17-5p are significantly up-regulated in most of the solid tumors; therefore, they are called oncomiRs (Lu et al., 2008) . Individual studies have shown that their over expression provides tumorigenesis and inhibition induces apoptosis or decreased rate of proliferation. On the other hand, we are not totally sure whether their expressional upregulation is sufficient for prostate cancer development alone, or not. Tumor suppressor miRNA act in the opposite way of oncomiRs. Tumor suppressor miRNAs are down-regulated in cancers and studies ectopically over-expressing those tumor suppressor miRNAs have shown the inhibition of proliferation, invasion and proliferation capacity (Sevli et al., 2010) . Expression profiling studies on prostate cancer has provided some miRNAs that are significantly up-or down-regulated and functional studies with these miRNAs have revealed the importance of miRNAs in tumor progression and pathogenesis. Hsa-miR-125b is overexpressed in clinical samples and androgen independent cell lines. Its upregulation is related with the androgen-independence and survival of the tumor. miR-125b targets the Her2 and Bak1 transcripts. Her2 protein has role in androgen independence in prostate cancer and Bak1 together with Bax protein have interaction in apoptotic signaling pathway (Sevli et al., 2010) . Hsa-miR-21 is also over expressed in prostate cancer and effects tumorigenesis, invasion and metastasis by inhibiting the synthesis of proteins in those pathways. miR-21 also induces the motility of cancer cells and inhibits apoptosis (Sevli et al., 2010) . MiR-15a/16-1 cluster contains two different mature miRNA, transcribed together in primary microRNA form and processed by Drosha and Dicer RNases to get into mature form. These two miRNAs are down-regulated in some cancer types including prostate cancer. In order to check the direct roles of tumor suppressor miRNA in prostate cancer progression, knock-out animal models were investigated and hyperplasia together with increased cell proliferation and invasion of prostate tumor cells were observed in mice (Aqeilan, 2010). Ectopic turn-over of down-regulated tumor suppressor miRNAs by intra-cell delivery techniques provides the information about the therapeutic capacity of tumor suppressor miRNAs. Over-expression of miR-15a/16-1 has significant tumor regression capacity in vivo (Sevli et al., 2010) . Fig. 2 . A list of miRNAs with altered expression, providing their targeted messenger RNAs and pathways. Derived from (Catto et al., 2011; Sevli et al., 2010) MiR-145 and miR143 are two of the most common deregulated tumor suppressor miRNA in all cancer types. miR-145/miR143 are also transcribed together as cluster and cleaved during maturation process. Down-regulation of miR-145 was observed prostate cancer (but not for miR143) and ectopic over-expression of miR-145 also cause anti-tumorigenic effect (our unpublished data). Some miRNAs are reported to have functions on the androgen independency of prostate tumors. By comparing the androgen-dependent and androgen-independent prostate samples, miR-146a was revealed as taking role in androgen independency of prostate cancers. Transcription of microRNAs is regulated by transcription factors since microRNA genes have their own promoters or they are co-regulated by the genes that host the miRNA genes in their intronic sequences. P53, a significant tumor suppressor protein is activated by the DNA-damage and induce expression of genes that carry p53 response elements on promoter sequences for promoting the repair mechanism. miR-34a, described in the last section, and miR145 are regulated by p53 protein. P53 also interacts with Drosha complex to promote the pri-microRNA to pre-microRNA conversion of miR-145's and some other microRNAs maturation (Suzuki et al., 2009 ). There are some other microRNAs that are dysregulated in prostate cancer and the research findings are quite similar. The complete list of most significantly altered or mostly observed microRNAs are given in the 
PCSCs and miRNAs: Future developments of identification of new approaches for prostate cancer progression and therapy
Some miRNAs have direct role in survival of prostate CSCs. CD44 as already known is the significant marker for CSCs in prostate tumors. The differential expression studies on CD44 positive and negative cells revealed that miR-34a is down regulated in tumors with enriched CD44 marker. Ectopic expression of miR-34a in CD44+ cells caused the decreased clonogenicity and recurrence/metastases capacity. The CD44-cells have higher miR-34a expression and down-regulation of miR-34a with antagonist antimiR molecules caused increased rate of metastasis and tumorigenesis. The CD44 transcript was found as direct target of miR-34a . MiR-34a is also induced by P53 tumor suppressor protein and commonly down-regulated in cancers which have decreased p53 expression. Mir-34a degrades the SIRT1, a sirtuin class III histone deacetylase protein, of which up-regulation was shown in less miR-34a expressing prostate samples.
Conclusion
Despite the recent developments on cancer diagnosis and therapy, prostate cancer still remains one of the leading cause of cancer deaths in men. New tools for precise diagnosis, distinguishing those patients who will be recurred early requiring more extensive treatments than those who will live their lifetime without not much getting affected by the disease are needed. Unlike some other types of tumors, prostate cancer is one of the tumor types in which limited treatment options are available; therefore, there is a need for novel therapy tools as well. In this chapter, two highly attracted topics, cancer stem cells and microRNAs are summarized as their role and implications in human prostate cancer arise. We believe this chapter will help to those who are interested in cancer stem cells and microRNAs not only in prostate cancer but in other applicable diseases as well.
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